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ABSTRACT 
Ethylene has proven effective in shortening the postharvest cold storage period required 
for Anjou pears to ripen, allowing for market availability early in season.  To analyze 
ethylene’s effect on eating quality and elicit consumers’ preferences and values, three 
sensory tests plus choice experiments were conducted at different points in time after 
harvest.  Results indicate that consumers were willing to pay $2.26/lb to have highly 
edible quality pears in the early season that had been treated with ethylene to speed 
ripening.  As the cold storage period increased (70 days and 169 days) these premiums 
for conditioned fruit decreased ($0.20/lb and $0.29/lb). 
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Willingness-to-pay for Anjou Pears with Different Conditioning Treatments 
 
1.  INTRODUCTION 
Anjou pears are a popular variety of pears grown in the U.S.  During 2003-2008, Anjous 
represented on average 23% of all pears produced in the U.S., with an average value of 
US$ 185 million (Washington Clearing House, 2008; USDA-NASS, 2009).  One 
challenge faced by the industry is to increase domestic percapita consumption.  U.S. pear 
percapita consumption for 1970-2007 averaged 2.79 lbs/year, lower than bananas, 
melons, and apples with 23.7, 21.5, and 17.2 lbs/year, respectively (USDA-ERS, 2009).  
To improve annual percapita consumption the industry’s goal is to supply fresh pears 
with eating characteristics matching closely consumer’s preferences, throughout the 
marketing season.  To support these efforts and to prevent shipment of pears that did not 
adequately meeting quality characteristics, the Agriculture Marketing Service (U.S. 
Federal Register, 2000) established handling guidelines targeting Anjou pears to be 
shipped across the U.S., Mexico, and Canada.  The regulation addresses specifications 
associated with fruit pulp temperature (1.7 ºC degrees or less) and firmness (on average 
14 lbf or less).  These specifications were adopted by the industry as achievable, with 
postharvest treatments.  Specifically, pears harvested by late September must to be kept 
in storage for 2 to 8 weeks under - 1 ºC (Kappel et al., 1995; Kupferman, 1994; Chen et 
al., 1996; Shang Ma et al., 2000).  This period in storage (also known as chilling period) 
delays the entry of Anjou pears into the market until late October and likely deters sales 
(Gutman et al., 2002; Shang Ma et al., 2000).  Gutman et al. (2000) modeled the effect of 
size and grade on profitability of marketing D’Anjou pears in a model with competing 4 
 
varieties such as Bosc, California Bartletts, and imported pears.  They simulated a 
scenario in which 40% of the total Anjou pears annual production of seven years was 
reallocated equally among the first four months of the marketing season (September 
through December), 30% was redistributed between January and February and 7.5% was 
reallocated from March through June.  They estimated an average annual improvement in 
profitability for pear growers of about 4% per year.  
To avoid or reduce the chilling period and still be able to supply adequately ripened 
pears, the industry is promoting research looking for alternative post-harvest treatments 
to reduce the chilling period.  Given the success of using ethylene, a natural occurring 
hormone, in conditioning avocados and bananas, post-harvest researchers and industry 
are focused on proving the efficacy of using ethylene to condition winter pears (Kappel et 
al., 1995; Kupferman, 1994; Chen et al., 1996; Shang Ma et al., 2000).  While some 
warehouses are currently using ethylene to trigger ripening, there is still the need to 
standardize methods for its use.  This paper examines a more specific objective, to 
estimate the dollar amount pear consumers are willing to pay for Anjous under different 
ethylene treatments at different points in time after harvest.  We focus on pear consumers 
because we wanted to assess preferences for eating quality of people who know about 
this product, and how applying ethylene affects these preferences.  This “knowing more 
about our consumers” would likely serve as a basis to formulate strategies to attract non-
consumers.  
 
2.  BACKGROUND 5 
 
Several research studies have been conducted to determine whether ethylene can 
shorten the chilling period for winter pears..  Wang et al. (1972) recommended applying 
0.5 - 2 ppm ethylene depending on fruit maturity.   Chen et al. (1996) concluded that 100 
ppm ethylene for 72 hours was required for pears immediately after harvest or after cold 
storage of less than 8 weeks.  Facteau and Mielke (1998) found that ethylene efficacy to 
induce softening was a function of hours of treatment, length of storage and maturation at 
harvest.  Pears were treated immediately after harvest with 100 ppm ethylene for 96 
hours and exhibited an acceptable firmness (less than 13.5 lbf). For pears harvested later 
in the season or with lower firmness, 100 ppm ethylene for 72 hours was appropriate.  
Shang Ma et al. (2000) advised that using ethylene involves the risk of causing bruising 
damage to pears during transit.  They investigated the feasibility of using ethylene 
capsules during transit, which were found to speed conditioning.  Firmness, extractable 
juice, titratable acidity and soluble solids concentration were measured after ethylene was 
applied.  Dessert qualities were assessed, but there was limited use of consumer panelists 
to assess pear sensory characteristics.   These studies provide a better understanding on 
doses, timing, and fruit maturity associated primarily with final fruit firmness.  Yet, there 
is limited information on the effects of ethylene on eating quality characteristics of pears, 
other than firmness.  
Previous studies on eliciting consumers’ value for pear quality attributes include 
Gamble et al. (2006) who conducted a conjoint analysis to evaluate how consumers value 
appearance on pears, in Sydney, Australia and Auckland, New Zealand.  Results showed 
an intention to pay at least NZ$0.50/unit ($0.67/lb) for a novel hybrid red-skinned pear 
even with poor flavor characteristics.  Combris et al. (2007) conducted an experimental 6 
 
auction to measure the effect of information on the willingness-to-pay for Rocha pears in 
Lisbon, Portugal.  Researchers found that even without tasting the fruit, panelists were 
willing to pay a premium of €0.46/kilo ($0.27/lb) for sweeter fruit (11 to 14 °Brix).  
When consumers were given information about safety issues and had tasted the fruit, they 
were still willing to pay a premium of €0.25/kilo ($0.15/lb) for going from 11 to 14 
°Brix.  Different from these studies, we measured how treatment-induce eating quality 
characteristics affected consumers’ willingness-to-pay for Anjou pears. 
This paper is organized as follows.  A description of the sensory test, including 
the questionnaire and an explanation of the conditioning treatments is presented in the 
next section.  This is followed by an explanation of the choice experiment and the 
econometric method used.  Next, results are presented followed by conclusions in the 
final section.   
 
3.  METHODOLOGY 
3.1    Sensory Test 
  Three sensory tests were conducted: in October 2008, December, 2008 and 
March, 2009, at the Food Innovation Center, Oregon State University in Portland, OR.  
Recruitment of participants for each test consisted of sending an online screening 
questionnaire to about 5,000 consumers in the Portland, Oregon metro area and 
individuals were screened for participation in the pear taste test.  Of those who completed 
the questionnaire, a planned sample size of 120 consumers
1
                                                           
1 The standard sample size for a central location test of over 100 consumers was used and 
20 extra participants were recruited for each test to account for last minute cancellations 
 was selected for each trial.  7 
 
Because the primary objective of the test was to determine how pear eaters would 
respond to conditioning treatments, we based our sampling on the criteria given by the 
Pear Bureau Northwest: female, Caucasian, annual household income above 25,000/year, 
30-65 years of age, post-secondary education and ate pears when in season at least once 
every two weeks (Moffit, 2002).  For the same reason, we used a between-subject design 
as different consumers were recruited and randomly assigned to each trial.    
  Prior to being served, panelists were given a brief set of instructions on how to 
complete the test.  They were told this research was being done for the pear industry and 
no information about the different variables in each test was given.  Once in the sensory 
testing booths, panelists were presented pear slices which were labeled with random 3-
digit codes representing different ethylene treatments.  After tasting each sample, 
panelists were asked to rate overall liking, pear flavor, sweetness, juiciness, firmness, and 
texture liking using a 9-point hedonic scale, with 1 at dislike extremely and 9 at like 
extremely.  Then, consumers were asked about their purchasing habits such as price 
usually paid for pears, frequency of consumption, planned grocery shopping, attitudes 
towards locally grown and organic fresh produce.  Next, participants were asked 
demographic questions.  The final step was to provide panelists the choice experiment 
questions. 
  Because time after harvest has an effect on ethylene inducing ripening, three 
experiment trials were conducted in October 2008, December 2008 and March 2009.  
Conditioning was different for the three trials, given differences in time length in cold 
storage and fruit maturity.  Indeed, pears used in October were kept 10 days in cold 
                                                                                                                                                                             
by participants (Meilgaard et al., 1999).  Number of participants varies across sensory; 
this is because of the different show rate of the consumers for each trial. 8 
 
storage.  Prior to ethylene application, pears were put in a room at 65 °F.  Once the fruit 
pulp reached this temperature, ethylene was applied using an ethylene dispenser.  Four 
treatments were used, varying in the number of days with ethylene: 2, 4, 6 days, and one 
set in warm air for 7 days with no ethylene.  Pears used in December, were kept in 
controlled atmosphere for 70 days.  Once pears’ pulp reached 65 °F , four treatments 
were applied, differing, as before, in the number of days with ethylene: 1, 2 and 4 days; a 
fourth set in warm air for 5 days and no ethylene.  Pears used in March, were kept in 
controlled atmosphere for 169 days.  Similar to prior trials, pear pulp had to reach 65 °F 
before ethylene application, and five treatments were used: 24 hours in warm air, 24 
hours in ethylene, 48 hours in warm air, 24 hours in warm air plus 24 hours in ethylene, 
and no conditioning at all.   
 
3.2  Choice experiment 
  The choice experiment conducted in October was centered on elicit willingness-
to-pay for pears eating characteristics.  We included four attributes (sweetness, juiciness, 
firmness, and texture) each one with three levels of ratings, 2, 5, and 8 (using a 9 point 
hedonic scale).  Also time to wait before pears are fully ripened was included and had 
three levels, wait 4-6 days, 1-2 days, and ready-to-eat.  We obtained prices for Anjou 
pears from grocery stores in the Portland metro area for the second week of October and 
they ranged between $1.09/lb and $1.99/lb.  To obtain the choice experiment questions, a 
fractional factorial design assuring orthogonality was used.  There were a total of sixteen 
questions, and to avoid exhausting respondents, we divided them into two groups of eight 
questions assigned randomly as version 1 and 2.  See figure 1 for a description of 9 
 
questions used in October, December, and March.  See table 1 for all attributes, 
alternatives and price levels used in each trial.  
  For the December and March trials, instead of eliciting preferences for eating 
quality attributes, we focused on consumer’s values for treatment induced quality
2
 
.  In 
December, the four ethylene treatments, described earlier, varying in the number of days 
of ethylene application were included as alternatives plus a “none” option.  Alternatives 
were assigned prices that were obtained from grocery stores in the Portland metro area, 
being the price range $1.49/lb to $1.99/lb.  We used a fractional factorial design that 
yielded thirty two questions that were divided into four groups of eight questions each, 
randomly assigned to respondents.  In March, there were five alternatives corresponding 
to the ethylene treatments previously described plus a “none” option.  As before, each 
alternative was assigned a price obtained from Portland grocery stores and ranging from 
$1.39/lb to $2.19/lb.  The fractional factorial design used yielded twenty five questions 
that were divided randomly into two groups, of twelve and thirteen questions each.     
3.3   Mixed logit model 
  Since McFadden (1973) the canon in econometric modeling for choice 
experiments was the standard multinomial logit model (MNL).  MNL is a straightforward 
                                                           
2 In October, we were interested on eliciting preferences for both treatment induced 
quality and eating quality attributes, as we conducted a contingent valuation and a choice 
experiment.  Results from the CV (available upon request) indicate that consumers were 
focused on treatment induced quality rather than on the treatments themselves.  Because 
the information provided by the October CE consumers’ valuation of sensory attributes 
without any linking to the ethylene treatments was not informative to the industry, we 
changed the approach for the next two trials, using a CE focused on treatment induced 
quality.  We chose CE over CV for the next trials based on CE superiority as explained in 
Adamowicz et al. (2001).  
 10 
 
approach that agrees with Lancaster’s (Lancaster, 1966) random utility postulate that 
individuals derive their utility from the attributes rather than from the good itself.  
However, the restrictive independent, identically distributed (iid) assumption for the error 
terms that leads to the independence of irrelevant alternatives (IIA) property has 
motivated researchers to find alternatives to MNL (Train, 2003).  In this study, we aimed 
to have a more realistic description of consumer’s preferences by relaxing MNL’s 
inflexible substitution patterns and allowing correlation for error terms across 
alternatives; hence we chose to use the mixed logit (ML) specification
3
(1)   
.  Under a ML 
approach the individual’s utility follows,  
ij ij ij ij x x U ε η β + + = '  
where   ij U represents consumer’s i utility when choosing alternative j, β is the vector of 
parameters fixed over consumers and alternatives,  ij x is the vector of observed variables 
related to consumer i and alternative j ,  ' η is a random term non-observable to the 
researcher following the distribution  ) | ( Ω η f , where Ωare the underlying parameters 
associated with consumer i and alternative j, and  ij ε is the error term with an iid extreme 
type I, over alternatives, and not dependant on underlying parameters.   
                                                           
3 We used both MNL and ML approach to estimate parameter for all trials (October, 
December, and March).  We used in-sample statistics as the criteria to test for model 
superiority.  We compared log likelihood values and likelihood ratios from MNL and 
ML.  For example, in October, the MNL log likelihood value is -807.47 and ML is -
807.65; in December the MNL log likelihood value is -1105 and ML is -1097. And in 
March, the MNL log likelihood value is -2140 and ML is -2129.  These measures show 
that ML is superior to MNL; hence we only present ML results.  11 
 
Train (2003) shows that the probability that consumer i chooses alternative j is: 
(2)  ∫ ∑
Ω =
∈













where  ) | ( Ω i f η  is the probability distribution for ηand does not have a close form and is 
calculated by approximation using simulated maximum likelihood.   
 
4.  RESULTS 
One hundred and twenty completed questionnaires were used from the experiment 
conducted in October.  Parameter estimates and marginal willingness-to-pay results for 
this specific experiment do not reflect preferences for ethylene treatments.  See table 2.  
Options A and B are the alternative specific constants and the negative sign indicates that 
in general respondents would not be interested in buying pears if they do not exhibit the 
eating characteristics they expect.  The negative sign of price indicates that as price 
increases, individuals’ utility would decrease, which agrees with the base of economics 
literature and law of demand.  All quality attributes included in the model were 
statistically significant at the 5% level, except for wait to ripen.  This suggests that 
panelists implicitly understand the relations between eating characteristics and time to 
wait to ripen, and put a higher valuation, ceteris paribus, on eating quality rather than 
time.    
  As for the experiment conducted in December and March, 112 and 120 completed 
questionnaires, respectively, were used.  Parameter estimates for both trials are reported 
in table 3.  The negative sign of price coincides with the base of economics literature, 
indicating that as price increases, individuals’ utility would decrease.  All estimates for 12 
 
marginal utility for conditioning treatments were statistically significant at the 5% level.  
Interestingly, none of the standard deviation estimates using the October approach (see 
table 2) resulted statistically significant, whereas most standard deviation parameter 
estimates for December and March were statistically significant (see table 3).  Also, when 
comparing in-sample statistics across MNL and ML models, for the October trial the 
difference between log likelihood is minimal (-807.47 for MNL versus -807.65 for ML) 
whereas for December and March, the differences are more notorious (-1105 for MNL 
versus -1097 for ML, December and -2140 for MNL versus -2129 for ML, March). 
 
4.1   Willingness-to-Pay 




.  WTP estimates for the October experiment were calculated 
by: 
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4 In table 2, we also report the marginal WTP for Anjou pears eating quality attributes.  
WTP is the amount of money the individual would have to pay to be indifferent towards a 
one-unit increase in the quality attribute level, and is calculated by dividing the marginal 
utility of each quality characteristic by the marginal utility of price (multiplied by 
negative one).  Results for the marginal WTP are consistent with panelists’ expressed 
preferences for pear eating characteristics.  The intention of offering more money for a 
marginal change in sweetness ($0.18/lb), juiciness ($0.16/lb) is consistent with 42% of 
panelists indicating that juiciness was the main reason for liking pears, followed by 
sweetness.  Combris et al. (2007) found that Portuguese individuals were willing to pay a 
premium ranging from $0.27/lb to $0.15/lb for having pears with higher sugar 
concentration (11 °Brix versus 14 °Brix).  Using our parameter estimate for sweetness 
($0.18/lb) we calculated a premium of $0.54/lb for a similar increase in sugar 
concentration.  This difference suggests that our pear consumers express an intention of 
willing to pay higher premiums for sweetness when compared to Portuguese panelists.    
 13 
 
where  trtb trta WTP − is the willingness-to-pay for trta (trta = 2, 4, and 6 days with ethylene) 
when compared to trtb or no-ethylene, 1.37 is the parameter estimate for price, 0.25, 
0.09, 0.22, 0.23 and -0.01 are the parameter estimates for sweetness, firmness, juiciness, 
texture, and ripe time, respectively; swrtrta - swrtrtb is the rating difference for sweetness 
between treatment a and the no-ethylene treatment, similar for firtrta - firtrtb, jurtrta - jurtrtb, 
and tertrta - tertrtb.  And ridtrtb - ridtrta is the time difference to wait before ripening, 
between the no-ethylene treatment and treatment a.   For the December and March trials, 
WTP is the amount of money the individual would have to pay to be indifferent among a 
pear being treated with ethylene (and/or warm air) and no treatment at all.  To obtain this 
statistic we obtained the difference between the marginal utility of a pear treated with 
ethylene (and/or warm air) and the marginal utility of a pear not treated with ethylene, 
and divided this difference by the marginal utility of price (multiplied by negative one).   
  Table 3 reports a summary of consumers’ average ratings for the sensory 
characteristics of the sample pears across different ethylene treatments.  It also reports the 
WTP to move from the “No ethylene” treatment to the other treatments, and 95% 
confidence intervals for each WTP estimate, obtained by parametric bootstrapping based 
on the Krinsky and Robb (1986) procedure
5
                                                           
5 To obtain the 95% confidence intervals we follow similar steps as Chang et al. (2009) 
(i) a sample of 1,000 mean parameters vectors associated with β and η′ (from equation 1) 
was drawn from the original covariance matrix and parameter vector from the estimated 
model, (ii) for each 1,000 mean parameter vectors, a sample of 1,000 observations was 
created, to simulate for variability across individuals, yielding in total 1,000,000 
observations, (iii) for each sample of 1,000 individuals the WTP was estimated, and (iv) 
for each WTP the 95% confidence interval was estimated using the capability procedure 
of SAS® 
.  Panelists participating in the October 
experiment expressed an intention of paying $0.21 /lb, $1.36 /lb, and $2.19 /lb for pears 
conditioned for 2, 4 and 6 days respectively, when compared to the no-ethylene 14 
 
treatment.  Results clearly reflect the strong preferences for ethylene-treated Anjou pears 
as shown in the treatment ratings for all eating quality attributes.  The most preferred 
sample was the one with a 6-day ethylene treatment, followed by 4-day, 2-day and no 
conditioning.  As for WTP results for the experiment conducted in December, there is no 
stark preferred treatment.  The highest value for overall liking, sweetness, and juiciness 
was for the no-ethylene treatment, whereas the most preferred firmness and texture was 
for the pear treated with ethylene for 2 days.  These results are not reflected in the WTP 
estimates, as a premium of $0.20 /lb was obtained for the pear with the 4-day ethylene 
treatment when compared with the no-ethylene.  Whereas, the 2-day and 1-day ethylene 
treated pears received a discount of $0.46 /lb and $0.45/ lb, respectively.  Similar findings 
were obtained in the experiment conducted in March.  There is no most preferred 
treatment, as the highest ranking for overall liking, sweetness, and firmness was for the 
pear with the 1 day in ethylene + 1 day in warm air treatment, whereas most preferred 
juiciness and texture was for pear with the 2-days in warm air treatment.  However, this 
time, results are reflected in the WTP, as both most preferred treatments received the 
highest premium ($0.29 /lb).  Whereas, the 1 day in warm air and 1 day in ethylene 
received premiums of $0.09 /lb and $0.02 /lb, respectively, when compared with the no 
conditioned fruit.   
   
5.  CONCLUSIONS 
This study investigated consumers’ willingness-to-pay for Anjou pears with different 
ethylene conditioning treatments.  Freshly harvested Anjou pears must be held at -1 °C 
from 2 to 8 weeks after harvest to develop the set of sensory characteristics most 15 
 
appreciated by consumers.  This chilling requirement deters consistent supply of Anjou 
pears early in the marketing season, which is believed to affect sales.   
  Our findings suggest that pear consumers were able to perceived differences in 
eating quality characteristics across different ethylene treatments early in season when 
the chilling period after harvest is insufficient (10 days only).  Consumers strongly 
showed preferences for the 6-day and 4-day ethylene treated pears, as reflected in the 
ratings for all eating quality attributes and the large WTP.  Additionally, our mixed logit 
results suggest that this specific set of consumers might be homogeneous in their 
preferences, as variability within individuals was minimal (all parameter estimates for 
standard deviations were not statistically significant and MNL and ML in-sample 
statistics were reasonably close).  In contrast for experiments conducted in December and 
March,(when pears were ripened after the chilling requirement had been met) there was 
no clearly preferred treatment.  This might be attributed to the fact that as storage time 
increases, fruit ripens and eating quality characteristics develop, not being necessary to 
induce ripening with ethylene.  Also, it might reflect a more heterogeneous-in-
preferences set of panelists.  Although using the same recruitment criterion (socio 
demographic characteristics for the three groups of panelists are reasonably similar), 
there is variability within individuals’ tastes, captured by the ML specification and 
reflected in the statistically significant parameter estimates for standard deviations and 
the larger differences between MNL and ML in-sample statistics.  It might be argued that 
using different set of panelists across trials might add heterogeneity to our results.  
Nonetheless, we support the use of the in-between subject experiment because this study 
does not aim to compare how preferences of the same group of consumers evolve through 16 
 
time; we rather intend to elicit consumers’ preference for treatments from a set of 
panelists with similar socio demographic characteristics.  Moreover, even if having the 
same group of panelists for all trials, we still don’t know with certainty if their 
preferences towards different treatments would remain constant through time.    
  Finally, an important aspect deemed not the focus of this study yet worth 
mentioning, is the potential cost to the industry of applying ethylene to induce ripening.   
Costs are not simple to estimate.  The inputs needed to apply ethylene are a storage room 
able to keep temperature at about 16-21 °C (60-70 °F) and an ethylene dispenser, there 
might be additional costs implicitly related.  For example, handling and shipping pears 
with lower firmness might require extra caution during transit, supermarket storage, and 
shelf, to avoid the risk of bruising or general damage.  Postharvest researchers and 
industry are working on assessing the best handling methods to minimize these risks 
(Pear Bureau Northwest, 2004).  This study was not to provide conclusive findings on the 
cost and benefits associated with introducing ethylene as a post-harvest treatment, we 
rather intend to spark interest among the industry that this alternative, if applied 
adequately, can help capturing price premiums, and likely encourage repeated purchases.  
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Table 1.  Alternatives and Price Levels Used Across Experiments 
Alternatives/Attributes
1  and Price  Levels 
October experiment       
Sweetness
2  2  5  8 
Juiciness
2  2  5  8 
Firmness
2  2  5  8 
Texture 
2  2  5  8 
Wait for ripening  4-6 days  1-2 days  Ready to eat 




1 day ethylene treatment   
2 days ethylene treatment   
4 days ethylene treatment   
5 days in warm air   




1 day ethylene treatment   
1 day in warm air   
2 days in warm air   
1 day in ethylene + 1 day in warm air   
No conditioning   
Price  $1.39  $1.59  $1.79  $1.99  $2.19 
   
1 Attributes considering the experiment in October and alternatives for the December and 
March experiments. 
2 Values for sweetness, juiciness, firmness, texture are given in a scale 1-9 scale being 9 

















Table 2. Parameter Estimates and Marginal Willingness-to-Pay for Anjou Pears Eating 20 
 
Quality Attributes - October Experiment 








$ 0.18 /lb 
       




$ 0.07 /lb 
       




$ 0.16 /lb 
       




$ 0.17 /lb 
       




$ 0.01 /lb 
       
Option 1  -1.77** 
(0.33) 
   
       
Option 2  -1.54** 
(0.37) 
   
        Price  -1.38** 
(0.17) 
   
Number of observations: 949. Log likelihood: -807.47. Likelihood ratio: 470.22 
** Indicates statistically significance at the 5% level. 
Numbers in between parenthesis are standard errors. 
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Table 3.  Parameter Estimates for Treatment Induce Quality - December and March 
Experiments 
Treatment / In Sample 
Statistics 
December 2008    March 2009 
Parameter estimate    Parameter estimate 
Mean  Standard 
deviation 
  Mean  Standard 
deviation 








           




  --  -- 
           




  --  -- 
           






  --  -- 
           
Price  -5.77** 
(1.80) 
    -5.45** 
(1.27) 
 
           




           




           
1 day with ethylene + 1 day 
with warm air 




           




           
Number of observations  875.00    1473.00 
Log likelihood  -1097.00    -2129.00 
Likelihood ratio  623.09    1021.20 
** Indicates statistically significance at the 5% level. 
Numbers in between parenthesis are standard errors. 
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Table 4. Average Consumers’ Ratings and Willingness-to-Pay for Anjou Pears with 
Different Ethylene Treatments 
Treatment 
Consumer Ratings for Eating Quality Attributes 
 










Sweetness Juiciness  Firmness  Texture   
October (10 days in cold storage) 
6 days with 
ethylene 
7.46  7.07  7.94  6.92  7.22    $2.19 /lb  [1.72, 2.77] 
                 
4 days with 
ethylene 
6.31  5.69  5.79  6.36  5.99    $1.36 /lb  [1.02, 1.76] 
                 
2 days with 
ethylene 
4.44  3.92  3.13  4.90  4.11    $0.21 /lb  [0.06, 0.37] 
                 
7 days with 
warm air - No 
ethylene 
4.26  3.63  2.42  4.22  4.04       
                 
December (70 days in cold storage) 
4 days in 
ethylene 
5.95  5.38  5.38  5.90  5.64    $0.20 /lb  [0.12, 0.27] 
                 
2 days in 
ethylene 
6.58  5.59  5.81  6.34  6.16    -$0.46 /lb  [-0.08, -0.90] 
                 
1 day with 
ethylene 
6.36  5.49  5.58  5.82  5.93    -$0.45 /lb  [-0.11, -0.82] 
                 
5 days with 
warm air - No 
ethylene 
6.70  5.70  5.88  6.27  6.14       
                 
March (169 days in cold storage) 
1 day in 
ethylene 
6.06  5.15  5.62  6.15  5.75    $0.02 /lb  [-0.12, 0.18] 
                 
1 day with 
ethylene + 1 
day with warm 
air 
6.60  6.05  6.73  6.68  6.60    $0.29 /lb  [0.17, 0.42] 
                 
2 days with 
warm air 
6.58  5.99  6.82  6.61  6.67    $0.29 /lb  [0.18, 0.41] 
                 
1 day with 
warm air 
6.18  5.00  5.63  6.29  6.09    $0.09 /lb  [-0.05, 0.22] 
                 
No 
conditioning 
6.02  5.28  5.78  6.21  5.78       
1 Confidence intervals obtained by parametric bootstrapping23 
 
CE Question used in October  
 
 
CE Question used in December  
 
 
CE Question used in March  
 
 

















$1.99/lb  $1.99/lb  $1.99/lb  $1.89/lb 
 
I would buy 
 






CHECK  “”  THE BOX 







NONE None of the above
Question 1  . 
Option A  Option B  Option C 
Sweetness  Rated   2 
Using a 1 -  9 scale where 1=not  
sweet, 9=ideally sweet 
Rated   8 
Using a 1 -  9 scale where 1=not  
sweet, 9=ideally sweet 
Neither of them 
Juiciness  Rated   2 
Using a 1 -  9 scale where 1=not  
juicy and 9=ideally juicy 
Rated   2 
Using a 1 -  9 scale where 1=not  
juicy and 9=ideally juicy 
Firmness  Rated   2 
Using a 1 -  9 scale where  1=hard 
and   9=so  ft 
Rated   8 
Using a 1 -  9 scale where  1=hard 
and   9=soft 
Texture  Rated   8 
Using a 1 -  9 scale where 1=mealy  
and 9=buttery 
Rated   5 
Using a 1 -  9 scale where 1=mealy  
and 9=buttery 
Ripeness 
Will   take   1 to   2 days to  
become fully ripe 
Ready to eat 
Price per poun  d ($/lb)  $1.09  /lb  $1.99/lb 
I Would BUY 
(Check     only one) 